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Delphi Consensus Process: Panel Vote, Second Round 

 

 

3. Biomarker-Based Healthy Longevity Diagnostics: From Routine Metrics to Biological Clocks 

 

Statement: The continued and routine use of both traditional CMD-related biomarkers (lipid profile, 

fasting glucose, HbA1c, hs-CRP, creatinine, liver enzymes), and select functional and imaging 

diagnostics, including ECG, Echocardiography, abdominal USG is recommended for cardiometabolic 

healthspan-oriented care both in individuals without or with well-controlled CMDs. These measures 

are well-established, widely accessible, and supported by strong clinical evidence forming the 

foundation of CMD risk assessment and management. Their integration into preventive and 

therapeutic care pathways enables effective risk stratification and monitoring of disease progression. 

Delphi Panel Vote 

 
 

Statement: The use of additional functional biomarkers, including Cardiopulmonary Exercise Testing 

(CPET), grip strength and frailty indices, as well as imaging modalities like DEXA scan and carotid 

intima-media thickness (CIMT) should be considered in specific clinical contexts, for cardiometabolic 

healthspan-oriented care both in individuals without or with well-controlled CMDs. These tools offer 

practical insights into systemic aging, musculoskeletal integrity, and subclinical atherosclerosis and 

are particularly valuable in geriatric and preventive cardiology for personalized risk profiling and 

early detection of functional decline. 

Delphi Panel Vote 

 
 

Statement: While growing evidence shows that epigenetic clocks, particularly GrimAge, are 

promising prognostic biomarkers for cardiometabolic diseases and mortality, their routine clinical use 

remains premature and is not yet recommended for cardiometabolic healthspan-oriented care both in 

individuals without or with well-controlled CMDs. Current data suggest that next-generation DNA 

methylation-based biomarkers (GrimAge, PhenoAge, and DunedinPACE) may provide greater 

predictive insight than traditional measures like telomere length or single-omics markers. As research 

progresses, the refinement and validation of multi-omics aging clocks could further improve risk 

assessment and personalization of care. For now, however, their main value lies in research and 

exploratory clinical applications until large-scale studies confirm their practical and actionable 

benefits. 

Delphi Panel Vote 
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4. Healthy Longevity interventions in cardiometabolic health: from non-pharmacological to 

geroprotectors 

 

4.1 Non-Pharmacological Approaches 

4.1.1. Dietary Patterns 

Statement: The Mediterranean diet is recommended as a foundational dietary intervention for 

cardiometabolic healthspan-oriented care both in individuals without or with well-controlled CMDs. It 

consistently reduces cardiovascular mortality, improves metabolic markers, and supports healthy 

aging pathways. The Nordic diet and plant-based diets should be considered for cardiometabolic 

healthspan-oriented care both in individuals without or with well-controlled CMDs and are also 

supported in clinical contexts for reducing CMD risk and systemic inflammation, though their impact 

on aging biomarkers is less defined. 

Delphi Panel Vote 

 
 

Statement: In specific clinical settings, intermittent fasting and caloric restriction strategies may be 

considered for cardiometabolic healthspan-oriented care both in individuals without or with well-

controlled CMDs. Intermittent fasting and caloric restriction strategies are under investigation and 

may show promise in modulating aging pathways including autophagy, insulin sensitivity, and effect 

on epigenetic aging clocks. However, these approaches should be individualized and monitored, as 

long-term adherence, metabolic effects, and impacts on aging remain under investigation. Their use 

may be most appropriate within structured programs and under clinical supervision due to an 

increased risk of frailty and sarcopenia in those over 65 y.o. As such, chronological age should be 

considered in the decision-making process. 

Delphi Panel Vote 
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Statement: The routine clinical use of personalized nutrition strategies based on genetic, microbiome, 

or metabolic profiling is not yet recommended for cardiometabolic healthspan-oriented care both in 

individuals without or with well-controlled CMDs. While these approaches have strong theoretical 

grounding and encouraging early data, they remain investigational due to the absence of validated 

algorithms, heterogeneous results, and lack of outcome-based evidence. We support their continued 

evaluation within clinical research settings to determine their future role in precision aging and 

nutrition care. Low-carbohydrate or ketogenic diets are not yet recommended for cardiometabolic 

healthspan-oriented care both in individuals without or with well-controlled CMDs and must be also 

restricted without according indication for long-term use.  

Delphi Panel Vote 

 
 

4.1.2. Physical Activity 

Statement: Incorporation of regular physical activity including both aerobic and resistance exercise, 

is recommended as a standard component of cardiometabolic healthspan-oriented care, both in 

individuals without or with well-controlled CMDs, regardless of age.  The following targets are 

advised i) aerobic activity: at least 150 minutes of moderate-intensity or 75 minutes of vigorous-

intensity exercise per week; (ii) resistance training: ≥2 sessions per week, engaging all major muscle 

groups.  For adults aged 65 years and older, balance and flexibility exercises should be performed 2–3 

times per week to support mobility, coordination, and fall prevention. Regular adherence to these 

recommendations helps preserve muscle mass and function, improves insulin sensitivity and 

cardiovascular fitness, and supports longevity through better metabolic and cognitive resilience. 

Delphi Panel Vote 

 
 

4.1.3. Sleep Hygiene 

Statement: Assessment and improvement of sleep duration and quality including optimizing circadian 

alignment, ensuring ≥7 hours of restorative sleep, and addressing sleep disorders is recommended for 

cardiometabolic healthspan-oriented care both in individuals without or with well-controlled CMDs. 

Delphi Panel Vote 
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1 4.1.4. Stress Management 

Statement: Evidence-based stress reduction strategies including mindfulness-based stress reduction, 

Heart Rate Variability (HRV)-guided biofeedback, and psychotherapy should be considered for 

cardiometabolic healthspan-oriented care both in individuals without or with well-controlled CMDs. 

These interventions may support autonomic balance, inflammation reduction, and aging modulation. 

Delphi Panel Vote 

 
 

4.1.5. Weight Management 

Statement: Intentional weight loss of ≥10% is recommended for cardiometabolic healthspan-oriented 

care for patients with obesity or overweight, particularly in those with metabolic syndrome or T2DM. 

In parallel, efforts should focus on optimizing healthy body composition, with appropriate preservation 

of lean mass and reduction of excess fat mass, as both underweight and obesity are associated with 

increased cardiometabolic risk. 

Delphi Panel Vote 

 
 

4.2. Pharmacological supplements and nutraceuticals 

Statement: Selective use of omega-3 fatty acids and vitamin D supplementation should be considered 

for cardiometabolic healthspan-oriented care in patients with well-controlled CMDs only when 

supported by evidence and patient-specific indications. Pharmaceutical formulations of icosapent ethyl 

and cholecalciferol are regulatory-approved agents with demonstrated benefits in defined clinical 

settings,when used within clinically accepted dose ranges, including patients with 

hypertriglyceridemia or vitamin D deficiency. Non-standardized nutraceutical formulations of omega-

3 and vitamin D should therefore be used cautiously, as variability in content and bioavailability limits 

reproducibility of outcomes. Their clinical use of non-standardized nutraceutical formulations is 

limited by the existing evidence and should remain adjunctive to evidence-based lifestyle and 

pharmacologic therapies. 

Delphi Panel Vote 
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Statement: Magnesium, DHEA, creatine, and folate/B12, as well as various experimental compounds, 

lack robust clinical validation and standardized dosing guidelines. Polyphenols such as resveratrol 

and curcumin demonstrate promising anti-inflammatory and antioxidant effects in preclinical and 

small clinical studies; however, large, well-controlled trials are needed to establish their clinical 

relevance. Thus those compounds are not yet recommended for cardiometabolic healthspan-oriented 

care both in individuals without or with well-controlled CMDs. Until more conclusive data become 

available, their use should be limited to research settings. Evidence-based lifestyle interventions and 

proven medical therapies remain the foundation of cardiometabolic healthspan-oriented care. 

Delphi Panel Vote 

 
 

Statement: The routine clinical use of multivitamins is not recommended for cardiometabolic 

healthspan-oriented care both in individuals without or with well-controlled CMDs without strong 

evidence of efficacy and safety: Multivitamin supplements lack robust clinical validation and show 

signs of harm. 

Delphi Panel Vote 

 
 

4.3 Pharmacological Geroprotectors 

Statement: Selective, evidence-based use of pharmacological agents with geroprotective effects may 

be considered within their approved clinical indications: hormonal replacement therapy (HRT), when 

appropriately prescribed in women within 10 years of menopause onset, may be considered as a 

geroprotective agent both for patients without or with well-controlled CMDs. Similarly, metformin, 

SGLT2 inhibitors, and GLP-1/GIP receptor agonists, according to their clinically approved use, may 

be considered as geroprotectors in patients with well-controlled CMDs, recognizing their possible 

indirect effects on aging pathways. 

Delphi Panel Vote 
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Statement: The routine clinical use of pharmacological agents as geroprotectors is not yet 

recommended for cardiometabolic healthspan-oriented care in individuals without concrete 

indications: Although agents such as metformin, SGLT2 inhibitors, and GLP-1 receptor agonists 

demonstrate clear benefits for managing specific cardiometabolic conditions like T2DM, obesity, 

chronic kidney disease (excluding metformin) or heart failure, their off-label use purely for aging 

delay lacks regulatory approval and definitive evidence. These drugs should be reserved for their 

approved indications while research continues to clarify their geroprotective potential in healthy 

individuals. 

Delphi Panel Vote 

 
 

Statement: The use of rapalogs, senolytics, and other novel geroprotectors is not yet recommended 

for cardiometabolic healthspan-oriented care in individuals without or with well-controlled CMDs 

without clear FDA and EMA approval in particular fields. These emerging agents should remain 

within the domain of controlled clinical trials and experimental research. While promising in 

preclinical models—demonstrating lifespan extension and improved healthspan—they currently lack 

sufficient human safety and efficacy data. Until rigorous evidence from randomized controlled trials 

becomes available, their use outside of research protocols is premature and not advised. 

Delphi Panel Vote 

 
 

 

  



SUPPLEMENTARY DATA 
 

© 2026. Postula M et al. Published online at http://www.aginganddisease.org/EN/10.14336/AD.2026.0279     

 

Supplementary Table 1.  Summary of available diagnostic interventions for Cardiometabolic 

Healthspan-Oriented Care 

 
Biomarker 

Type 

Description / 

Key Metrics 

Clinical Utility Class and 

Evidence 

Level 

Justification Level of 

Current Use 

Ref 

3.1. Routine diagnostics 

3.1 Traditional 

Biomarkers 

Lipids, 

glucose, 

HbA1c, hs-

CRP, 

creatinine, 

liver enzymes 

Foundation of 

CMD risk 

stratification 

and therapy 

monitoring 

Class I, 

Level A 

Multiple large RCTs and meta-

analyses (e.g., statin and diabetes 

outcome trials), long prospective 

cohorts, and guideline 

endorsements demonstrate 

prognostic and therapeutic utility 

across populations; cornerstone 

tests for risk stratification and 

treatment decisions 

Fully 

integrated into 

routine care. 

Age-related 

disease 

diagnostics 

and 

surveillance 

 

[1-

8] 

3.1.2 Imaging 

& 

Instrumental 

Diagnostics 

ECG, 

EchoCG, 

DEXA, 

CIMT, US, 

PFTs, 

Coronary 

Artery 

Calcium 

(CAC) scoring 

Detect CMD 

and aging 

physiology 

(e.g., 

sarcopenia, 

steatosis). Risk 

prediction 

(strong); Risk 

reclassification 

(moderate–

strong) 

Class I 

(Routine) / 

IIa 

(Selective), 

Level A 

Large prospective studies and 

randomized/registry data (e.g., 

MESA for CAC), plus meta-

analyses and guideline inclusion 

(ACC/AHA, ESC) support 

diagnostic, prognostic and risk-

reclassification value; widely 

validated in clinical practice 

Standard or 

selectively 

used 

diagnostics. 

Fully 

integrated into 

routine care. 

Age-related 

disease 

diagnostics 

and 

surveillance 

[1,2] 

2 3.2. Clinical Biomarker and Functional & Physiological Clocks 

3.2.1. Clinical 

Biomarker 

Clocks 

Phenotypic 

Age, 

Biological 

Age (Levine 

model) 

Integrate routine 

lab data for 

aging and CMD 

risk.  

Class IIc, 

Level B 

Derivation and validation are 

based on large observational 

cohorts and computational 

modelling, but no robust 

interventional RCTs demonstrate 

outcome modification or routine 

clinical benefit  

 

Research use; 

commercial 

availability; 

not 

standardized 

clinically 

[9, 

10] 

3.2.2. 

Functional & 

Physiological 

Clocks 

VO₂max age, 

PWV, grip 

strength, leg 

press strength, 

frailty index 

Reflect 

musculoskeletal, 

vascular, and 

fitness age 

Class IIa, 

Level B 

Strong prospective associations 

with morbidity/mortality and 

RCTs showing that interventions 

(exercise, rehab) improve the 

measures; intervention RCTs exist 

for components (VO₂max, 

sarcopenia), but meta-analytic trial 

evidence specifically for “age-

clock” use is limited. 

Used in 

geriatrics and 

preventive 

cardiology 

[11] 

3.2.3. Multi-

Omics & 

Composite 

Clocks 

AI-based 

clocks, digital 

biomarkers 

Integrate omics 

and sensor data; 

personalized 

aging 

trajectories 

Class IIc, 

Level C 

Early-stage, technology-driven 

models validated primarily in 

observational cohorts and pilot 

studies; no large RCTs or outcome 

trials yet to confirm clinical utility. 

Tech-driven 

longevity 

clinics, 

wellness 

platforms 

[12] 

3.3. Aging Clocks 

https://paperpile.com/c/OrL9Ct/ouwrI
https://paperpile.com/c/OrL9Ct/ouwrI
https://paperpile.com/c/OrL9Ct/RaCYl
https://paperpile.com/c/OrL9Ct/U9VYI+5gzba
https://paperpile.com/c/OrL9Ct/U9VYI+5gzba
https://paperpile.com/c/OrL9Ct/eVzwd
https://paperpile.com/c/OrL9Ct/SGEf5
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3.3.1 

Epigenetic 

Clocks 

GrimAge, 

PhenoAge, 

DunedinPACE 

Estimate 

biological age; 

predict CMD, 

mortality, 

response to 

interventions.  

Class IIc, 

Level B 

Robust prognostic evidence from 

multiple cohort studies showing 

prediction of mortality and CVD 

(especially GrimAge/PhenoAge); a 

small number of interventional trials 

(e.g., CALERIE for DunedinPACE) 

suggest clock modulation but RCT 

evidence for clinical outcomes and 

replication across large trials is 

limited  

Research use; 

commercial 

availability; 

not 

standardized 

clinically for 

routine 

diagnosis or 

treatment 

decisions. 

[13, 

14]  

3.3.2 

Transcriptomic 

Clocks 

RNAAge, 

ImmuneAge 

Assess gene 

expression 

patterns tied to 

immune aging 

Class IIc, 

Level B 

Promising 

observational/transcriptomic studies 

show associations with 

immune/biologic age, but evidence 

is early and lacks RCT/interventional 

validation. 

Research only [15] 

3.3.3 Proteomic 

Clocks 

GDF15, PAI-

1, PRO-Age 

Reflect 

inflammation, 

senescence, 

metabolic aging 

Class IIc, 

Level B 

Large proteomic cohort analyses 

demonstrate mortality prediction, 

yet evidence remains 

observational with no RCTs 

showing outcome modification 

Research use; 

commercial 

availability; 

not 

standardized 

clinically 

[16] 

3.3.4 

Metabolomic 

& Lipidomic 

Clocks 

MetaboAge, 

Lipidomic 

panels 

Capture 

cardiometabolic 

health, 

atherosclerotic 

burden 

Class IIc, 

Level B 

Strong cohort evidence (e.g., UK 

Biobank metabolomics analyses) 

linking metabolomic signatures to 

multimorbidity and mortality; 

however, interventional or RCT 

data demonstrating clinical benefit 

are lacking  

Research use; 

commercial 

availability; 

not 

standardized 

clinically 

[17, 

18] 

3.3.5 Glycan 

Clocks 

GlycanAge Track immune 

aging, 

inflammation, 

hormonal 

changes, T2D 

and CVD risk 

Class IIc, 

Level B 

Analytical and observational 

studies document associations 

with inflammation, immune aging 

and disease risk, but no RCTs 

demonstrate outcome 

improvement or clinical utility.  

Research use; 

commercial 

availability; 

not 

standardized 

clinically 

[19] 

3.4. Other approaches 

3.4.1 Telomere 

Length 

Analysis 

Telomere 

shortening as 

aging proxy 

CMD, cancer, 

mortality 

associations; 

low individual 

risk precision 

Class IIc, 

Level B 

Large meta-analyses (>700k 

sample confirm population-level 

associations with age and some 

disease risks, but individual 

predictive precision is low and no 

interventional RCTs show that 

telomere-targeted changes 

translate to clinical benefit 

Research use; 

lacks clinical 

harmonization 

[20] 

 

 

  

https://paperpile.com/c/OrL9Ct/GDTWY+Fl3am
https://paperpile.com/c/OrL9Ct/GDTWY+Fl3am
https://paperpile.com/c/OrL9Ct/d9fVL
https://paperpile.com/c/OrL9Ct/phjBL
https://paperpile.com/c/OrL9Ct/edwhp+6uvts
https://paperpile.com/c/OrL9Ct/edwhp+6uvts
https://paperpile.com/c/OrL9Ct/qzy6w
https://paperpile.com/c/OrL9Ct/FWsVm
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Supplementary Table 2. Dietary Patterns in Cardiometabolic Healthspan-Oriented Care 

 
Dietary 

Pattern 

Class 

and  

Evidence 

Level 

Justification Strengths Limitations / 

Risks 

Guideline 

Reference(s) 

Recommendation 

Mediterranean 

Diet 

Class I, 

Level A 

Multiple RCTs (e.g., 

PREDIMED), meta-

analyses show reduced 

mortality, CV events, and 

improved metabolic 

markers; robust evidence. 

Strong evidence for 

reduced all-cause 

and CV mortality, 

improved 

metabolic profile, 

anti-inflammatory 

and epigenetic 

benefits 

Non-significant; 

broad 

applicability 

 

ESC/EAS 2019 

Dyslipidemia 

Guidelines [21]; 

ESC/EASD 2023 

Diabetes 

Guidelines [22, 23] 

 

Foundational 

recommendation 

for all individuals 

Nordic Diet Class IIa, 

Level A 

Systematic review/meta-

analysis of RCTs [24] 

confirms benefits; slightly 

less adoption, but meets 

Level A threshold. 

Similar benefits to 

the Mediterranean 

diet; favourable for 

lipid control and 

inflammation 

Fewer long-term 

studies; limited 

adoption outside 

Northern Europe 

Endorsed in 

EASO/ESC 

Obesity Guidelines 

(2023)  as a 

culturally adapted 

alternative  

Useful alternative 

where culturally 

feasible 

Plant-Based / 

Vegan Diets 

Class IIa, 

Level A 

Meta-analyses [25, 26] and 

interventional trials [27] 

support reduced mortality, 

improved risk markers. 

Reduces CMD 

incidence, 

inflammation, and 

body weight; may 

support healthy 

aging pathways 

Risk of nutritional 

deficiencies (B12, 

iron, omega-3) if 

unbalanced 

ESC/EASD 2023 

Diabetes 

Guidelines [22, 23]; 

EASO/EFAD 

Obesity Guidelines 

2023 [28]. 

Recommended in 

selected 

individuals with 

monitoring 

Low- 

Carbohydrate 

/ Ketogenic 

Diets 

Class IIc, 

Level A 

Meta-analyses of RCTs 

[29], [30–32] show efficacy 

for weight loss and 

metabolic health; long-term 

safety uncertain, but meets 

Level A. 

Effective short-

term for weight 

loss and glycemic 

control 

Long-term CV 

safety uncertain; 

potential adverse 

lipid changes; 

adherence 

difficult 

EASO/EFAD/ESC 

Obesity Guidelines 

2023 (conditional 

use) [28] 

Not recommended 

for long-term use; 

only specific 

indications 

Intermittent 

Fasting / 

Caloric 

Restriction 

Class IIb, 

Level A 

Multiple RCTs (CALERIE, 

[33], [27, 34–36] and meta-

analyses confirm metabolic 

benefits and aging-clock 

modulation.   

 

Improves insulin 

sensitivity, 

autophagy, and 

may slow 

epigenetic clocks 

(PhenoAge, 

DunedinPACE) 

Limited long-term 

human data; 

adherence 

variable; possible 

risks in the frail 

elderly.  

Not yet included in 

ESC/EAS/ESH 

guidelines; 

addressed in 

scientific 

statements (AHA 

2021; EASO 2023 

position papers)  

Promising but 

investigational; 

consider under 

supervision, high 

risk of frailty and 

sarcopenia 

Personalized 

Nutrition 

(genetic/ 

microbiome- 

based) 

Class IIc, 

Level C 

Only early trials (e.g., 

PREDICT pilot); no large 

RCTs or meta-analyses; 

remains experimental.  

Strong theoretical 

rationale; early 

trials (e.g., 

PREDICT) suggest 

improved glycemic 

response 

Lack of 

standardized 

algorithms; not 

outcome-validated 

Not included in 

ESC/EAS/EASD 

guidelines; 

discussed in 

emerging precision 

medicine position 

papers 

Research use 

only; not 

recommended for 

routine practice 

 

 

 

 

 

 

 

 

 

 

https://paperpile.com/c/OrL9Ct/Lvisw
https://paperpile.com/c/OrL9Ct/sqddl+83Lsx
https://paperpile.com/c/OrL9Ct/GuHTZ
https://paperpile.com/c/OrL9Ct/wydPk+dJkjM
https://paperpile.com/c/OrL9Ct/UG73z
https://paperpile.com/c/OrL9Ct/sqddl+83Lsx
https://paperpile.com/c/OrL9Ct/bT8PQ
https://paperpile.com/c/OrL9Ct/cjr0f
https://paperpile.com/c/OrL9Ct/h2nnK+MdRQi+8yNtZ
https://paperpile.com/c/OrL9Ct/bT8PQ
https://paperpile.com/c/OrL9Ct/iNwY3
https://paperpile.com/c/OrL9Ct/8L8lr+Y3p5h+lC4Mi+UG73z
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Supplementary Table 3. Other Non-Pharmacological Interventions in Cardiometabolic Healthspan-

Oriented Care 

 

Intervention 

Type 

Description & 

Mechanism 

Clinical 

Utility 

Class 

and 

Evidenc

e Level 

Justification Direct 

Evidence 

Indirect 

Evidence 

Level of 

Current 

Use 

Physical 

Activity 

Regular aerobic and 

resistance exercise 

improves 

cardiovascular, 

metabolic, and 

muscular health; 

supports telomere 

stability and 

mitochondrial 

function. 

Reduces 

CMD risk, 

cancer, 

mortality; 

improves 

VO₂max, 

glucose 

tolerance, 

lipid profiles. 

Class I, 

Level A 

Large meta-

analysis of 

prospective 

studies [37]) 

and many 

RCTs show 

mortality/CV 

risk reduction 

and improved 

VO₂max, 

fitness, and 

biomarkers 

[38]. 

Prospectiv

e studies: 

high 

activity 

linked to 

HR 0.62 

(95% CI 

0.58–0.67) 

for 

mortality 

[37]. 

Epigenetic 

clocks studies 

show slower 

DNAm aging 

with higher 

activity [38]) 

Fully 

integrated 

into CMD 

and aging 

guidelines

. 

Sleep 

Hygiene 

Adequate sleep 

duration and 

circadian alignment 

optimize endocrine 

and metabolic 

regulation. Regular, 

sufficient sleep 

improves autonomic 

balance, 

glucose/insulin 

dynamics, BP 

dipping, and 

inflammatory tone—

all core pathways in 

vascular and 

metabolic aging. 

(Summarized in 

AHA scientific 

statements/guideline

s (1).) 

Reduces 

obesity, 

insulin 

resistance, 

depression; 

improves 

mitochondrial 

repair. 

Class I, 

Level B 

Evidence is 

primarily 

observational 

[39-41]; no 

large RCTs 

prove 

mortality or 

aging 

outcomes. 

Poor sleep 

linked to 

accelerated 

CMDs [39] 

Poor sleep 

linked to 

accelerated 

GrimAgeAccel

, 

DunedinPACE 

[40–42] 

Widely 

endorsed 

by sleep 

medicine 

guidelines

. 

Stress 

Management 

Mindfulness, 

breathwork, HRV 

biofeedback lower 

cortisol, sympathetic 

tone; reduce 

inflammation. 

Improves BP, 

HRV, 

glycemic 

control, 

systemic 

inflammation

. 

Class IIa, 

Level B 

Multiple 

small-to-

medium RCTs 

show 

physiological 

improvements

; small studies 

link resilience 

to slower 

epigenetic 

aging [43]. 

Mixed 

results. No 

effect on 

MACE, 

but 

evidence in 

reduction 

of 

mortality 

[44]. 

Epigenetic 

studies link 

resilience to 

slower aging 

[43]. 

Common 

in 

integrative 

care, 

underused 

in primary 

CMD care 

[45, 46]. 

https://paperpile.com/c/OrL9Ct/Zqh6b
https://paperpile.com/c/OrL9Ct/IeY6f
https://paperpile.com/c/OrL9Ct/Zqh6b
https://paperpile.com/c/OrL9Ct/IeY6f
https://paperpile.com/c/OrL9Ct/Drghk
https://paperpile.com/c/OrL9Ct/fUzY4+cP7dw
https://paperpile.com/c/OrL9Ct/Drghk
https://paperpile.com/c/OrL9Ct/fUzY4+cP7dw+LzbI1
https://paperpile.com/c/OrL9Ct/vRNxF
https://paperpile.com/c/OrL9Ct/Ky7Fo
https://paperpile.com/c/OrL9Ct/vRNxF
https://paperpile.com/c/OrL9Ct/Nlp8Y+KI5Y5
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Weight 

Management 

Sustained weight 

loss ≥5–10% reduces 

visceral fat, CMD 

risk. Reducing 

weight modifies 

multiple risk 

pathways 

simultaneously and, 

with GLP-1/GIP 

agonists and surgery, 

now has hard-

outcome signals 

(MACE ↓ with 

semaglutide; 

mortality/CV events 

↓ after surgery).  

Improves BP, 

insulin 

sensitivity, 

and lipid 

profile. 

Class I, 

Level A 

Meta-analyses 

of RCTs 

confirm 

mortality 

benefit; 

interventions 

reduce 

epigenetic 

aging [47]. 

Meta-

analyses 

confirm 

mortality 

benefit 

[48] [49, 

50]. 

DNAm age 

reduction with 

weight loss in 

obesity. [47] 

Standard 

care in 

CMD and 

T2DM 

[51]. 

 

 

 

 

Supplementary Table 4. Pharmaceutical supplements and nutraceuticals for Cardiometabolic 

Healthspan-Oriented Care 

 

Supplement Description 

& 

Mechanism 

Clinical 

Utility 

Class 

and 

Eviden

ce 

Level 

Justification Direct 

Evidence 

Indirect 

Evidence 

Level of Current 

Use 

Omega-3 

Fatty Acids 

esters 

Anti-

inflammator

y, anti-

thrombotic; 

stabilizes 

membranes. 

Strong CV 

prevention; 

slows aging 

markers. 

Class 

IIa 

Level A 

 

Large RCTs 

(VITAL) and 

multiple meta-

analyses support 

CV 

benefit/prevention 

endpoints and 

aging-marker 

studies; meets 

“multiple RCTs / 

meta-analysis” 

threshold. [52, 53] 

VITAL 

RCT: MI 

HR 0.72 

(95% CI 

0.59–0.90). 

[52] 

DNAm age 

reduction 

(PhenoAge, 

GrimAge2).[5

3] 

Recommended in 

the treatment of 

hypertriglyceride

mia. 

Magnesium Cofactor in 

>300 

enzymes; 

regulates 

glucose, 

DNA 

repair. 

Supports 

BP, glucose 

regulation, 

inflammatio

n control. 

Class 

IIc, 

Level B 

Evidence is 

observational 

(NHANES 

association with 

PhenoAgeAccel), 

No RCTs with 

aging outcomes 

available; [54]. 

No RCTs. NHANES: 

higher intake 

linked to ↓ 

PhenoAgeAc

cel [54] 

Commonly used, 

underrecognized 

in aging care. 

Polyphenols Resveratrol, 

curcumin, 

EGCG 

mimic CR; 

antioxidant, 

anti-

inflammator

y. 

Potential 

anti-aging; 

mitochondri

al support. 

Class 

IIc, 

Level B 

There are 

randomized trials 

showing effects on 

methylation/aging 

markers (e.g., 

DIRECT-PLUS 

RCT) but not 

multiple 

independent 

Mechanistic 

support; 

observationa

l data. 

DIRECT-

PLUS RCT: ↓ 

Li mAge, 

Hannum 

mAge. [55] 

Widely marketed, 

not standardized. 

https://paperpile.com/c/OrL9Ct/6woRD
https://paperpile.com/c/OrL9Ct/Pugmk
https://paperpile.com/c/OrL9Ct/2RfA3+5CNDL
https://paperpile.com/c/OrL9Ct/2RfA3+5CNDL
https://paperpile.com/c/OrL9Ct/6woRD
https://paperpile.com/c/OrL9Ct/A9U0v
https://paperpile.com/c/OrL9Ct/xWao1
https://paperpile.com/c/OrL9Ct/WBGrZ
https://paperpile.com/c/OrL9Ct/xWao1
https://paperpile.com/c/OrL9Ct/WBGrZ
https://paperpile.com/c/OrL9Ct/WBGrZ
https://paperpile.com/c/OrL9Ct/hcmQY
https://paperpile.com/c/OrL9Ct/hcmQY
https://paperpile.com/c/OrL9Ct/SmnyR
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RCTs/meta-

analyses [55]. 

Vitamin D 

 

Hormone 

modulating 

immunity, 

Ca balance. 

Supports 

bone health, 

CMD 

prevention 

modestly. 

Class 

IIa, 

Level A 

 

Numerous RCTs 

and meta-analyses 

for CV / clinical 

endpoints and large 

trials summarized 

in the supplement, 

so meets Level A 

for the existence of 

multiple 

RCT/meta-analytic 

data (though aging-

biomarker benefit 

is limited) [53, 56]. 

No 

significant 

MACE 

reduction 

[56]. 

A trend to 

reduce all-

cause 

mortality 

and 

association 

with 

decreased 

incidence of 

falls ≥ 75 

years [57]. 

Indirect 

evidence 

exists in 

vitamin D 

deficiency 

and with 

omega-3 

supplementati

on [53] and in 

Vitamin D 

deficiency 

[58]. No 

indirect 

epigenetic 

aging effect.  

Standard in 

vitamin D 

deficiency 

 

Creatine Supports 

ATP 

recycling, 

muscle, 

cognition. 

Benefits 

sarcopenia, 

cognition. 

Class 

IIc, 

Level B 

RCT evidence 

exists for benefits 

on 

muscle/sarcopenia 

and functional 

outcomes; 

observational 

mortality signals 

noted, but not 

multiple 

RCT/meta-analyses 

specifically for 

longevity/ 

epigenetic evidence 

is emerging  [59]. 

NHANES:  

Inverse 

association 

with all-

cause 

mortality (B 

= -0.094; P 

= 0.04) [59]. 

 

correlated 

with lower 

GrimAge 

mortality 

predictors (r ≈ 

−0.04, p < 

0.05) [60]. 

Growing 

longevity 

commercial use 

[61]. 

Multivitami

ns 

Broad 

micronutrie

nt 

supplement. 

No proven 

longevity 

benefit; 

possible 

aging 

acceleration

. 

Class 

III, 

Level A 

Multiple 

randomized trials 

and meta-

analytic/epidemiolo

gic analyses exist 

with mixed or 

null/harms signals 

(the supplement 

notes observational 

↑ mortality and 

RCT evidence of 

accelerated aging 

markers) — 

qualifies as Level 

A (multiple 

RCTs/meta-

analyses). 

Observation

al: ↑ 

mortality 

risk (HR 

1.04); RCT: 

accelerated 

aging 

markers 

[62]. 

Mixed 

epidemiologic 

data. 

Widespread OTC, 

not recommended 

for longevity. 

Folic Acid 

& B12 

Methyl 

donors, 

DNA 

repair. 

Prevents 

deficiency, 

supports 

cognition. 

Class 

IIc, 

Level A 

A meta-analysis of 

21 randomized 

clinical trials for 

stroke prevention 

— this is Level A 

Meta-

analysis: 

~10% ↓ 

stroke 

risk[63]. 

No DNAm 

benefit [64]. 

Routine in 

geriatrics. 

https://paperpile.com/c/OrL9Ct/SmnyR
https://paperpile.com/c/OrL9Ct/WBGrZ
https://paperpile.com/c/OrL9Ct/PqWrV
https://paperpile.com/c/OrL9Ct/IThTX
https://paperpile.com/c/OrL9Ct/WBGrZ
https://paperpile.com/c/OrL9Ct/EQ0F0
https://paperpile.com/c/OrL9Ct/VupNo
https://paperpile.com/c/OrL9Ct/VupNo
https://paperpile.com/c/OrL9Ct/rZNHg
https://paperpile.com/c/OrL9Ct/5EFD7
https://paperpile.com/c/OrL9Ct/UhDVt
https://paperpile.com/c/OrL9Ct/vPq8z
https://paperpile.com/c/OrL9Ct/VWBMB
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(meta-analysis of 

RCTs). [63, 64]. 

DHEAs Endogenous 

adrenal 

steroid; 

precursor to 

sex 

hormones. 

Proposed 

anti-aging 

and 

anabolic 

effects; 

limited 

proven 

benefit. 

Class 

IIc, 

Level C 

Pilot trials and 

observational 

studies [65]. 

No 

significant 

MACE 

reduction 

A pilot study 

(N=10) 

showed 

DNAm age 

reduction 

(Horvath p = 

0.0009, 

GrimAge p = 

0.0049) as 

part of the 

TRIIM 

combination. 

Causality 

cannot be 

attributed to 

DHEA alone 

[65, 66]. 

Widely available 

as an over-the-

counter 

supplement; 

occasional off-

label use in age-

related fatigue or 

endocrine decline 

 

 

 

 

Supplementary Table 5. Geroprotective Pharmacological Interventions 

 

Compound/ 

Class 

Mechanism Clinical 

Utility 

Class 

and 

Evidenc

e Level 

Justification Direct 

Evidence 

Indirect 

Evidence 

Level of 

Current Use 

Metformin AMPK activation, 

CR mimetic. 

CV, cancer 

protection; 

anti-aging 

candidate. 

Class 

IIb, 

Level A 

Multiple RCTs 

& meta-

analyses show 

mortality 

reduction in 

diabetes and 

preliminary 

epigenetic 

aging benefit 

[67, 68]. 

Observational

: HR 0.72 for 

mortality in 

T2DM [67] 

Small RCT 

shows 

slower 

Horvath, 

Hannum 

EAA [68] 

Approved for 

T2DM, off-

label in 

PCOS.  

Rapalogs mTOR inhibition, 

autophagy. 

Promising 

anti-aging. 

Class 

IIc, 

Level C 

No large RCTs 

in aging 

outcomes yet. 

Phase 2–3 

immune 

function RCTs 

in older 

adults[69] 

show 

mechanistic 

benefits. 

Clinical aging 

outcome trials 

remain 

ongoing 

No RCTs 

results. 

Strong 

animal 

evidence. 

Limited 

epigenetic 

data. 

Research 

only. 

https://paperpile.com/c/OrL9Ct/vPq8z
https://paperpile.com/c/OrL9Ct/VWBMB
https://paperpile.com/c/OrL9Ct/rg4RA
https://paperpile.com/c/OrL9Ct/rg4RA+o3Noc
https://paperpile.com/c/OrL9Ct/4zN0w
https://paperpile.com/c/OrL9Ct/giaoV
https://paperpile.com/c/OrL9Ct/4zN0w
https://paperpile.com/c/OrL9Ct/giaoV
https://paperpile.com/c/OrL9Ct/PylWh
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GLP-1 RAs Incretin, insulin 

sensitization, and 

weight loss. 

CV risk 

reduction, 

obesity 

care. 

Class 

IIb, 

Level A 

Large CV 

outcome RCTs 

(LEADER, 

SUSTAIN) 

demonstrate 

reduced 

MACE; RCT 

shows slowed 

epigenetic 

aging, 

evidence 

strong for 

cardiometaboli

c protection 

[70]. 

LEADER, 

SUSTAIN: 

HR 0.74 for 

MACE. [70] 

Epigenetic 

benefit in 

HIV trial 

[70]. 

Approved for 

T2DM/obesit

y (Class I, 

Level A). 

SGLT2 

Inhibitors 

Glycosuria, 

CV/renal 

protection. 

Mortality 

reduction 

in CVD, 

HF. 

Class 

IIb, 

Level A 

Multiple RCTs 

(EMPA-REG, 

DAPA-HF, 

etc.) [72-73] 

demonstrate 

robust 

reductions in 

CV and renal 

outcomes; No 

aging 

biomarker data 

yet, but 

outcome 

evidence 

EMPA-REG: 

CV death HR 

0.62. [ 72-73] 

No aging 

biomarkers 

yet. 

Approved in 

T2DM,  HF, 

CKD; 

(Class I, 

Level A). 

Senolytics Clear senescent 

cells. 

Aging-

focused 

trials are 

ongoing. 

Class 

IIc, 

Level C 

Current 

evidence is 

limited to 

small 

pilot/open-

label trials 

(e.g., D+Q in 

diabetic 

kidney 

disease) 

showing 

biomarker 

changes, not 

outcomes. No 

large RCTs 

No human 

RCTs yet. 

Strong 

preclinical 

support. 

Experimental 

[74, 75]. 

NAD+ 

Boosters 

Mitochondrial 

support. 

Popular, 

unproven 

in humans. 

Class 

IIc, 

Level B 

Small RCTs 

(e.g., NR trial 

in cognitive 

impairment), 

but no large 

trials/meta-

analyses [76]. 

Neutral RCT 

findings. [76] 

Preclinical 

benefit. 

Widely sold, 

unregulated. 

Acarbose Delays 

carbohydrate 

absorption. 

Prevents 

T2DM 

progression

. 

Class 

IIb, 

Level B 

The STOP-

NIDDM RCT 

showed 

reduced 

diabetes 

incidence; 

STOP-

NIDDM: HR 

0.75 for 

diabetes 

conversion. 

[77] 

Observationa

l anti-aging 

signals. 

Approved for 

T2DM. 

https://paperpile.com/c/OrL9Ct/W04jx
https://paperpile.com/c/OrL9Ct/W04jx
https://paperpile.com/c/OrL9Ct/W04jx
https://paperpile.com/c/OrL9Ct/Z6w63+Uwuqx
https://paperpile.com/c/OrL9Ct/MM0W5+rZgUA
https://paperpile.com/c/OrL9Ct/ti41h
https://paperpile.com/c/OrL9Ct/ti41h
https://paperpile.com/c/OrL9Ct/v9PYH
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observational 

data suggest 

anti-aging 

signals. 

Limited to 

single 

landmark RCT 

with aging 

relevance [77]. 

Bisphosphonate

s 

Inhibit osteoclast 

activity; bone 

protection. 

Mortality 

benefits post-

fracture; anti-

aging signals. 

Class IIb, 

Level B 

RCTs in 

osteoporosis 

showed evidence 

for mortality 

reduction in post-

fracture patients; 

aging benefit 

observational. 

Zoledronic acid 

↓ mortality by 

~28% post-hip 

fracture [69, 

78]. 

No DNAm 

data. 

Approved for 

osteoporosis 

[79] 

Aspirin Irreversible COX-1 

inhibition; 

antiplatelet, anti-

inflammatory. 

Secondary 

CV 

prevention; 

harmful in 

primary 

prevention 

≥70 y. 

Class III,  

Level A 

Multiple large 

RCTs and meta-

analyses (e.g., 

ASPREE, 

McNeil et al. 

2018) 

demonstrate 

mortality harm in 

primary 

prevention but 

clear benefit in 

secondary 

prevention [80]. 

Colon studies 

show epigenetic 

slowing.  

ASPREE: ↑ all-

cause mortality 

(HR 1.14) in 

≥70 y; 

secondary 

prevention 

benefit 

established 

[80]. 

Colon data: 

slows cancer-

related 

epigenetic 

aging [81]. 

Routine for 

secondary 

prevention only. 

Beta-blockers β-adrenergic 

blockade; ↓ HR, BP, 

arrhythmias. 

Mortality 

benefit in 

HFrEF; 

uncertain in 

preserved EF. 

Class IIb, 

Level A 

Multiple RCTs 

(e.g., MERIT-

HF) and meta-

analyses confirm 

mortality 

reduction in 

HFrEF; no aging 

biomarker data. 

Robust outcome 

evidence in 

selective 

populations 

MERIT-HF: 

HR 0.66 for 

mortality in 

HFrEF [71]. 

No DNAm 

data. 

Standard in 

HFrEF, post-

MI; not for 

primary 

prevention .[82] 

Hormone 

Replacement 

Therapy (HRT) 

Restores 

estrogen/testosteron

e; symptom relief. 

Treat bothersome 

menopausal 

symptoms and 

prevent osteoporotic 

fractures—key to 

healthy aging and 

functional 

preservation. 

Safe in early 

post-

menopause; 

lowers 

MACE in 

50–59-year-

olds. 

Class IIb, 

Level A 

(sex-

specific) 

Multiple large 

RCTs (WHI, 

follow-ups) show 

reduced MACE 

and no increase 

in mortality in 

the early post-

menopausal 

period, providing 

a strong evidence 

base. Strong sex-

specific evidence 

base, though not 

directly linked to 

aging biomarkers 

WHI: ↓ MACE, 

no ↑ mortality 

with early 

CEE±MPA use 

[83], [83, 84]. 

No DNAm-

clock data. 

Approved for 

menopausal 

symptoms; 

individualized 

risk–benefit 

[85- 88]. 

 

https://paperpile.com/c/OrL9Ct/v9PYH
https://paperpile.com/c/OrL9Ct/PylWh+Stggv
https://paperpile.com/c/OrL9Ct/PylWh+Stggv
https://paperpile.com/c/OrL9Ct/xq1BF
https://paperpile.com/c/OrL9Ct/Ozfr5
https://paperpile.com/c/OrL9Ct/Ozfr5
https://paperpile.com/c/OrL9Ct/Jb162
https://paperpile.com/c/OrL9Ct/Z6w63
https://paperpile.com/c/OrL9Ct/uFagO
https://paperpile.com/c/OrL9Ct/VIPXo
https://paperpile.com/c/OrL9Ct/VIPXo+NxDsV
https://paperpile.com/c/OrL9Ct/gqwbl+zynAb
https://paperpile.com/c/OrL9Ct/1GVYv+XWE6M
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